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Background of the Invention 

10 This invention relates to a method of removing nitrate nitrogen from a vegetable 

juice. A vegetable juice obtained by squeezing vegetables frequently contains nitrate 
nitrogen, or nitrogen that forms nitrate ions, derived from the vegetables. Since such 
nitrate nitrogen is known to be harmful to a person's health, it is desired to remove nitrate 
nitrogen from a vegetable juice. It is therefore an object of this invention to provide a 

15 method of efficiently removing nitrate nitrogen from a vegetable juice. 

Methods of using ion exchange resins have been known for removing nitrate 
nitrogen from a vegetable juice, such as disclosed in Japanese Patent Publications Tokkai 
59-3 1 678 and 1 1 -29004 1 . These prior art methods are not favorable because the work of 
washing and exchanging ion exchange resins is very troublesome and there are other 

20 problems such as the flavorful component of the vegetable becoming adsorbed to the ion 
exchange resin or the odor of the ion exchange resin becoming attached to the vegetable 
juice. Methods of electrodialysis for treating water containing nitrate nitrogen have also 
been known, such as disclosed in Japanese Patent Publications Tokkai 7-171574, 9- 
75990 and 9-103799, but nitrate nitrogen cannot be removed efficiently from a vegetable 

25 juice even if the vegetable juice itself is subjected to electrodialysis. 

Summary of the Invention 

It is therefore an object of this invention to provide a method with high 
workability for efficiently removing nitrate nitrogen from a vegetable juice without 
30 adversely affecting the original flavor of the vegetable juice. 

The present invention relates, in view of the above, to a method of removing 
nitrate nitrogen from a vegetable juice by concentrating the vegetable juice and 
subjecting the concentrate to electrodialysis. 
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There is no limitation as to the kind of vegetable juice to which the present 
invention is applicable as long as it contains nitrate nitrogen. In other words, there is no 
limitation as to the kind of vegetables from which such a vegetable juice may be obtained 
although the invention is particularly effective against vegetable juice of leafy vegetables 
5 (or so-called green vegetables), such as celery, spinach and kale, containing generally a 
large quantity of nitrate nitrogen. 

According to this invention, such a vegetable juice is concentrated first. The 
invention does not impose any particular limitation on the method of concentration, such 
as normal concentration, vacuum concentration and concentration by reverse osmosis. 

10 Among these, however, the methods of vacuum concentration and concentration by 
reverse osmosis are favored for the purpose of preventing as much as possible the 
original flavor of the vegetable juice from becoming spoiled. As will be explained in 
detail below, nitrate nitrogen can be removed far more efficiently if a vegetable juice is 
first concentrated and the concentrate thus obtained is subjected to electrodialysis than if 

15 the vegetable juice is directly subjected to eletrodialysis without first being concentrated. 

It is preferable to adjust the sludge volume (SV) of the vegetable juice to less than 
10%, and more preferably to less than 5%, before it is concentrated. In the above, the 
sludge volume (SV) of a vegetable juice is defined as the ratio relative to whole of what 
is obtained by taking 10ml of the vegetable juice in a centrifugal sedimentation tube of 

20 105mm in length and subjecting it to centrifugation with radius of rotation 14.5cm, rotary 
speed of 3000rpm for a time duration of 10 minutes. The adjustment of SV can be 
carried out by filtering such as normal filtering, precision filtering and ultrafiltering or by 
centrifugation. 

Neither does the invention impose any particular limitation on the degree of 
25 concentration but it is preferable to concentrate to Brix 10-60% and more particularly to 
Brix 20-40%. As will be explained in detail below, the removal efficiency of nitrate 
nitrogen improves with the degree of concentration if the vegetable juice is concentrated 
first and then its concentrate is subjected to electrodialysis. This increase in efficiency is 
rapid until Brix 10% but the increase becomes gentler thereafter and the efficiency 
30 becomes more or less constant after Brix 60%. In view of the limitations on the 

workability related to the concentration and electrodialysis as well as the equipment used 
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therefor, it is most appropriate to concentrate the vegetable juice to Brix 20-40% from the 
point of view of carrying out the concentration of the vegetable juice and the 
electrodialysis of the concentrate stably and smoothly and removing nitrate nitrogen 
efficiently. 

5 According to this invention, a vegetable juice is concentrated and the concentrate 

thus obtained is subjected to electrodialysis. There is no particular limitation imposed on 
the kind of equipment for the electrodialysis as long as it is capable of removing nitrate 
nitrogen in the form of singly changed NO3 ~ An apparatus with anion exchange 
membranes and cation exchange membranes set alternately is usually used. Neither is 

10 any particular limitation imposed on the conditions of electrodialysis but it is preferable 
to carry out the electrodialysis by causing the concentrate to flow at linear speed on the 
membrane surface in the range of 0.5-1 Ocm/sec. It is because the limiting current density 
drops and the efficiency of removal of nitrate nitrogen becomes poor if the linear speed 
on the membrane surface is less than 0.5cm/sec and the pressure loss increases and may 

15 exceed the limit of resistance of the membranes against pressure if it is greater than 

1 Ocm/sec. In the above, the linear speed on the membrane surface means the linear speed 
of the concentrate at a point adjacent to the ion exchange surface. The temperature of the 
concentrate at the time of electrodialysis is preferably less than 10°C and more preferably 
about 5°C for the purpose of preventing bacterial contamination. 

20 

Brief Description of the Drawings 

Fig. 1 is a schematic process diagram for showing a process embodying this 
invention. 

Fig. 2 is a graph showing the relationship between the degree of concentration of 
25 the vegetable juice and the efficiency of removing nitrate nitrogen according to this 
invention. 

Fig. 3 is a graph showing the relationship between the processing time of 
electrodialysis of spinach juice according to this invention and the concentration of 
nitrate nitrogen. 
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Fig. 4 is a graph showing the relationship between the processing time of 
electrodialysis of kale juice according to this invention and the concentration of nitrate 
nitrogen. 



5 Detailed Description of the Invention 

Fig. 1 shows a method according to this invention for carrying out electrodialysis 
of a concentrate of vegetable juice in a batch process. Vegetable juice is concentrated 
and its concentrate is placed inside a tank 1 1 . The concentrate is supplied from the tank 
1 1 through a pump 21 and a cooler 31 to a stack 41 of membranes for electrodialysis. 
10 After it is subjected to electrodialysis there to have nitrate nitrogen removed, it is 

returned to the tank 1 1 and the process is thereafter repeated. A concentrated liquid of 
nitrate nitrogen thus removed is supplied to the stack 41 from a tank 12 through a pump 
22 and a cooler 32 and is returned to the tank 11, and this process is thereafter repeated 
similarly. An electrode liquid is supplied from a tank 13 through a pump 23 to the stack 
15 41 and is then returned to the tank 13, and this process is thereafter repeated. 

The stack 41 comprises cation exchange membranes and anion exchange 
membranes stacked alternately. A positive electrode is inserted through the anion 
exchange membranes and a negative electrode is inserted through the cation exchange 
membranes. Such a stacked structure is well known and has been described, for example, 
20 in aforementioned Japanese Patent Publication Tokkai 9-103799. As aforementioned 
electrodialysis process is continued for a specified length of time on a concentrate, the 
concentrate with nitrate nitrogen removed is gathered inside the tank 11. 
The invention is described next by way of test examples. 

25 Part 1 

Spinach was washed and crushed by a branching process at 95 °C for three 
minutes and spinach juice was obtained by compressing by using a screw press. Spinach 
juice with Brix 3% and SV 1% was obtained by centrifugation. This spinach juice was 
subjected to a vacuum concentration process by means of a rotary evaporator to obtain 
30 concentrates with Brix 10%, 20%, 30%, 40%, 50% and 60%. The spinach juice and each 
of these concentrates thus prepared were subjected to electodialysis. 
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Kale was washed and crushed by a branching process at 95°C for three minutes 
and kale juice was obtained by compressing by using a screw press. Kale juice with Brix 
5% and SV 1% was obtained by centrifugation. This spinach juice was subjected to a 
vacuum concentration process by means of a rotary evaporator to obtain concentrates 
5 with Brix 10%, 20%, 30%, 40%, 50% and 60%. The kale juice and each of these 
concentrates thus produced were subjected to electodialysis. 

Use was made of an apparatus of a compact type for electrodialysis (Type S3 
produced by Asahi Kasei Corporation) provided with a stack of membranes with 
effective membrane area of 0.055m 2 having monovalent ion selective cation exchange 
10 membranes (Aciplex K192 produced by Asahi Kasei Corporation) and monovalent ion 
selective anion exchange membranes (Aciplex A 192 produced by Asahi Kasei 
Corporation) alternately. Electrodialysis was carried out with spinach juice, kale juice 
and their concentrates at temperature 10°C and the linear speed on the membrane surface 
l.Ocm/sec. 

15 Concentration (in ppm) of nitrate nitrogen in each sample (spinach juice, kale 

juice and their concentrates) was measured before and after electrodialysis by means of 
an ion chromatograph (DX550 produced by Dionex Corporation) to obtain the 
removal efficiency against nitrate nitrogen. The obtained removal efficiency is shown in 
Fig. 2 (curve 1 for spinach juice and its concentrates and curve 2 for kale juice and its 

20 concentrates). In the graph of Fig. 2, the horizontal axis indicates the Brix concentration 
(%) of each sample after electrodialysis and the vertical axis indicates the removal 
efficiency (g/h/m 2 ) against nitrate nitrogen in terms of the removed amount (g) per unit 
area (1m ) of the ion exchange membrane per hour of electrodialysis. 

Fig. 2 shows that nitrate nitrogen can be removed significantly more efficiently if 

25 spinach juice or kale juice is first concentrated and the concentrate thus obtained is 
subjected to electrodialysis than if the spinach juice or kale juice is subjected to 
electrodialysis directly. It also shows that the removal efficiency improves as spinach 
juice or kale juice becomes concentrated by the electrodialysis. The rate of improvement 
is particularly significant until the Brix concentration reaches 10%. The removal 

30 efficiency improves gradually thereafter and becomes more or less constant after Brix 
concentration reaches 60%. 
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Part 2 

A concentrate of spinach juice concentrated to Brix 20% was subjected to 
electrodialysis and the concentration (in ppm) of nitrate nitrogen was measured at 
5 different process times. The results are shown in Fig. 3, of which the horizontal axis 
indicates the process time in minutes and the vertical axis indicates the concentration of 
nitrate nitrogen of the concentrate as converted (or diluted) to Brix 3% of the original 
spinach juice before the concentration. 

A concentrate of kale juice concentrated to Brix 20% was subjected to 
10 electrodialysis and the concentration (in ppm) of nitrate nitrogen was similarly measured 
at different process times. The results are shown in Fig. 4, of which the horizontal axis 
indicates the process time in minutes and the vertical axis indicates the concentration of 
nitrate nitrogen of the concentrate as converted (or diluted) to Brix 5% of the original 
kale juice before the concentration. 

15 

Part 3 

Concentrates of spinach juice concentrated respectively to Brix 10%, 20% and 
30% were subjected to electrodialysis as done in Part 1 except that the linear speed (in 
cm/sec) on the membrane surface was varied in six stages as shown in Table 1. The 
20 removal efficiency values (in g/h/m 2 ) against nitrate nitrogen were obtained and are 

shown in Table 1 relative to the value obtained for the concentrate with Brix 20% when 
the linear speed on the membrane surface was l.Ocm/sec. 



Table 1 



Brix 


Linear speed (cm/sec) 


(%) 


0.1 


0.5 


1 


2 


5 


10 


10 


0.2 


0.4 


0.5 


0.6 


0.7 


0.7 


20 


0.4 


0.9 


1.0 


1.2 


1.4 


1.6 


30 


0.4 


0.9 


1.1 


1.3 


1.4 


1.5 



25 

Table 1 shows that the removal efficiency against nitrate nitrogen deteriorates if 
the linear speed on the membrane surface is reduced to below 0.5cm/sec. 
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Part 4 

A concentrate of spinach juice concentrated to Brix 20% under reduced pressure 
was subjected to electrodialysis as done in Part 1 and it was diluted with water to the Brix 
concentration level of 3% of the original spinach juice to obtain a spinach juice with 
5 concentration of nitrate nitrogen 43ppm. Separately, another concentrate of spinach juice 
with Brix 20% obtained under reduced pressure was diluted with water to the Brix 
concentration level of 3% of the original spinach juice, and 200ml of strongly alkaline 
ion exchange resin (Amberlite IRA400 produced by Organo Corporation) was added to 2 
liters of the spinach juice thus obtained. The mixture was stirred for an ion exchange 

10 process and a spinach juice with concentration of nitrate nitrogen 47ppm was obtained. 
A total of 30 testers with 15 men and 15 women tasted both in a sensory test to determine 
which spinach juice was more tasteful The result is shown in Table 2. 

Similarly, a concentrate of kale juice concentrated to Brix 20% under reduced 
pressure was subjected to electrodialysis as done in Part 1 and it was diluted with water to 

15 the Brix concentration level of 5% of the original kale juice to obtain a kale juice with 
concentration of nitrate nitrogen 47ppm. Separately, another concentrate of kale juice 
with Brix 20% obtained under reduced pressure was diluted with water to the Brix 
concentration level of 5% of the original kale juice, and 200ml of strongly alkaline ion 
exchange resin (Amberlite IRA400 produced by Organo Corporation) was added to 2 

20 liters of the kale juice thus obtained. The mixture was stirred for an ion exchange process 
and a spinach juice with concentration of nitrate nitrogen 45ppm was obtained. A total of 
30 testers with 15 men and 15 women tasted both in a sensory test to determine which 
spinach juice was more tasteful. The result is also shown in Table 2. 

25 Table 2 





Number of testers preferring the 
juice after electrodialysis 


Level of 
significance 


Spinach juice 


24 


0.1% 


Kale juice 


25 


0.1% 



Table 2 shows that nitrate nitrogen can be efficiently removed from vegetable 
juices by a method of this invention without adversely affecting their natural flavors. 
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